This study was performed in order to suggest the possibility of tree species classification using high-resolution QuickBird-2 images spectral characteristics comparison(digital numbers [DNs]) of tree species, tree species classification, and accuracy verification. In October 2010, the tree species of three conifers and eight broad-leaved trees were examined in the areas studied. The spectral characteristics of each species were observed, and the study area was classified by image classification. The results were as follows: Panchromatic and multi-spectral band 4 was found to be useful for tree species classification. DNs values of conifers were lower than broad-leaved trees. Vegetation indices such as normalized difference vegetation index (NDVI), soil brightness index (SBI), green vegetation index (GVI) and Biband showed similar patterns to band 4 and panchromatic (PAN); Tukey's multiple comparison test was significant among tree species. However, tree species within the same genus, such as Pinus densiflora-P. rigida and Quercus mongolica-Q. serrata, showed similar DNs patterns and, therefore, supervised classification results were difficult to distinguish within the same genus; Random selection of validation pixels showed an overall classification accuracy of 74.1% and Kappa coefficient was 70.6%. The classification accuracy of Pterocarya stenoptera, 89.5%, was found to be the highest. The classification accuracy of broadleaved trees was lower than expected, ranging from 47.9% to 88.9%. P. densiflora-P. rigida and Q. mongolica-Q. serrata were classified as the same species because they did not show significant differences in terms of spectral patterns.
INTRODUCTION
Forests account for over 60% of land area in South Korea. However, city expansion plans and urban development projects have inevitably created more demands and increasing forest development. The Ministry of Environment (ME)'s latest report on the time-series changes in the land cover map of the country shows significantly reduced forest area: approximately 64% remained as of the end of 2000s from 66% at the end of the 1980s (Ministry of Environment 2010).
Forests, as resources for human activities and wild life habitat, play an indispensible role in the environment and in the entire ecosystem. They require an organized system of forest survey and management to prevent damages by indiscriminate development. The 1st National Natural Environment Survey kicked off in 1986, as part of ME's nationwide natural environment survey (as per Article 32 of the National Environment Conservation Act) initiative to be carried out every 10 years. From the 2nd National Natural Environment Survey onwards, results and information collected were perform an accuracy assessment of the tree species, using the images, and to address the question of feasibility of QuickBird-2 imagery-based tree species classification by providing the relevant databases.
MATERIALS AND METHODS

Study site
The study area was defined as the 122,500 m 2 (350 m × 350 m) land located at 127°00′00″ E-127°00′15″ E longitude and 37°40′35″ N-37°40′50″ N latitude from the Bukhansan National Park office at Ui-dong, Gangbuk-gu, Seoul, Korea (Fig. 1) . The study forest is composed of broadleaved trees such as Quercus mongolica, Q. serrata, the coniferous tree Pinus densiflora, and the Robinia pseudoacacia plantation. The altitude ranges from 193 to 304 m above mean sea level. The study area includes steep slopes (63%) and gentle ones. The mean annual precipitation is 1,450.5 mm, and the mean annual temperature is 12.5°C. Table 1 was showed tree species condition in this study.
Materials
Satellite images obtained from Digital Globe's QuickBird-2 were used as primary data for this study. These offer spatial resolution by simultaneously acquiring 0.64-m PAN and 2.50-m multispectral imageries. There are four bands that simultaneously record reflected or emitted radiation from the earth's surface in the blue (band 1, 0.45 to 0.52 μm), green (band 2, 0.52 to 0.60 μm), red (band 3, included in the GIS-DB building and then generated into an official report on the status of the eco-environment (published in April, 2007) . Over 90% of the report concerns the results of the vegetation survey, in addition to covering various aspects of the ecosystem, including information on the flora and the fauna (mammals, birds, amphibians and reptiles, insects, freshwater fish, and freshwater invertebrates) and topography (National Institute of Environmental Research 2010).
With the 2013 4th National Natural Environment Survey, the survey interval is to be reduced to 5 years, rather than the aforementioned 10. Thus, devising an efficient vegetation survey master plan has become a matter of urgency, in anticipation of the significant increase in vegetation survey area to be covered annually.
Satellites have the merit of being able to obtain data for a large area. Since 1995, several countries have launched satellites that can obtain images with spatial resolution of equal to or less than 10 m. In addition, the QuickBird, launched October 2001, is a high-resolution satellite from Digital Globe. It offers high spatial resolution by simultaneously acquiring 0.64-m panchromatic (PAN) and 2.50-m multispectral imageries and has four bands that simultaneously record reflected or emitted radiation from the earth's surface in the blue (band 1, 0.45 to 0.52 μm), green (band 2, 0.52 to 0.60 μm), red (band 3, 0.63 to 0.69 μm) and near-infrared (band 4, 0.76 to 0.90 μm) portions of the electromagnetic spectrum.
Forest classification is important for forest ecosystem management and scientific research. Field ground surveys of plant species composition and forest classification are time consuming and provide incomplete information of forest polygon delineation. The techniques of plant species classification, from satellites with high resolution images, could be the most effective way to classify and assess large areas of forest (Martin et al. 1998 , Franklin et al. 2001 .
Studies using IKONOS and QuickBird images have been used to identify trees (Ham et al. 2004 , Katoh 2004 , Kim 2008 and classify forest types (Chung et al. 2001 , Lee 2001 , Jayakumar et al. 2007 ) in forest stands with discernible crown diameter. However, it is difficult to distinguish among species in broadleaved forests, as they have the same tone in QuickBird images. The classification process of high resolution images, using spectral characteristics of bands and vegetative indices, needs to be developed.
Therefore, the objectives of this study are to use the high-resolution QuickBird-2 satellite images to compare and analyze the spectral characteristics of the tree species within the study area, to automatically classify and 
